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Abstract: : The present study aimed to determine the genetic relationship between Poa angustifolia and Poa trivialis as
well as intraspecies genetic diversity using inter simple sequence repeat (ISSR) markers. ISSR amplification was evaluated
for its applicability to narrow leaved bluegrass and rough bluegrass accessions identification. A total of 401 bands, 363
of which were polymorphic (90.52%), were generated using selected 20 primers. Genetic similarity between accessions
belonging to Poa species was estimated using Nei’s genetic similarity and UPGMA (unweighted pair group method with
arithmetic) cluster analysis was used to construct a dendrogram. UBC836 and M6 primers were observed to be the most
suitable for distinguishing between species. Because interspecies differences are especially important in plant breeding,
M5 and UBC812 primers were ideal in distinction of P. trivialis and P. angustifolia accessions, respectively. Primer
UBC856 was determined to be ideal in discrimination both intraspecies and interspecies. The ISSR fingerprinting
technique used was confirmed to be a reproducible and sensitive tool for the identification of Poa accessions and for
determination of the correct starting material for plant breeding.
Key words: Poa angustifolia, Poa trivialis, intersimple sequence repeat (ISSR), genetic relationship, genetic diversity

Dar yapraklı salkımotu (Poa angustifolia) ve adi salkımotu (Poa trivialis)
aksesyonları arasında genetik akrabalığı ve genetik çeşitliliği belirlemek
için ISSR-PZR’ın uygulaması
Özet: Bu çalışmada basit diziler arası tekrarlar (ISSR) markerlar kullanılarak Poa angustifolia ve Poa trivialis türleri
arasındaki genetik akrabalığı ve tür içi genetik çeşitliliği belirlemek amaçlanmıştır. ISSR amplikonlarının dar yapraklı
salkımotu ve adi salkımotu aksesyonlarının ayırımında uygulanabilirliği değerlendirilmiştir. Yirmi seçilmiş ISSR primeri
kullanılarak 363’ü polimorfik (% 90,52) olan toplam 401 bant üretilmiştir. Poa türlerine ait aksesyonlar arasındaki
genetik benzerlik Nei’nin genetik benzerliği kullanılarak hesaplanmıştır ve UPGMA (unweighted pair group method
with arithmetic) kümeleme analizi bir dendrogram oluşturmak için kullanılmıştır. UBC836, M6 primerleri türler
arasında ayrımı sağlamak için en elverişli primerler olduğu görülmüştür. Özellikle tür içi farklılıklar ıslah çalışmalarında
büyük önem taşıdığı için M5 ve UBC812 primerleri sırasıyla P. trivialis ve P. angustifolia aksesyonlarının ayırımında
idealdir. UBC856 primeri hem tür içi hem de türler arası ayırımda ideal olduğu görülmüştür. ISSR parmakizi tekniğinin
kullanımı, bitki ıslahı için doğru başlama materyalini belirlemek için ve Poa aksesyonlarının ayırımı çalışmaları için
duyarlı ve tekrarlanabilir olduğu doğrulanmıştır.
Anahtar sözcükler: Poa angustifolia, Poa trivalis, basit diziler arası tekrarlar (ISSR), genetik akrabalık, genetik çeşitlilik
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Introduction
Poaceae is one of the largest angiosperm families,
with ca. 10,000 species (1). It has 142 genera in Turkey.
The genus Poa is represented by 24 species, of which
3 are endemic in Turkey (2). Several species of this
family are ecologically and economically important.
Grasses from these species are natural main feeding
resources for wild and domesticated animals.
Similarly, cereal crops (wheat, rye, rice, maize, millet)
are essential food components for humans (3).
Narrow leaved bluegrass (Poa angustifolia L.)
has been used for the establishment of lawns and
soil conservation purposes. Rough bluegrass (Poa
trivialis L.), which is used in lawn and wet areas, is
preferred due to its capability of growing in cold and
land in shadow (4).
Various methods are available for the molecular
identification of cultivars. DNA-based methods are
widely used. Some of the common methods based
on polymerase chain reaction (PCR) are amplified
fragment length polymorphism (AFLP), in which
restriction enzymes and non-random primers are
used, and simple sequence repeats (SSRs), in which
primers based on known sequences are employed. In
recent years random amplified polymorphic DNAs
(RAPDs), in which random primers are used, have
been employed for cultivar identification of many
crops. However, inter simple sequence repeats
(ISSR) were reported to be a useful and reliable
new method to determine genetic polymorphism
between accessions (5). This technique has been used
successfully in cultivar identification of many crops
(including wheat, maize, potatoes, and barley) (6-9).
AFLP and RAPD markers were used successfully
in discrimination of 28 Texas bluegrass genotypes
(10). It was reported that ISSR primer sets could
be a useful tool in Texas bluegrass breeding (11).
Identification of creeping bentgrass genotypes was
provided by RAPD markers with 99 polymorphic
bands (12). The simple and easy RAPD technique,
which is often applied in characterization of
Kentucky bluegrass (Poa pratensis) collections, was
used in the description of P. pratensis accessions (13).
ISSR clearly showed the relationship between the
accessions belonging to P. annura, P. trivialis, and P.
supina, generating high polymorphic amplification
products (14).
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The accessions were collected from an old natural
pasture where the gradual decrease in the water
supplies feeding the field was caused by decreased
rain due to global warming. The present research
aimed to identify Poa accessions in the pasture
for conservation and use in plant breeding to
develop new cultivars. Plant selection in traditional
breeding methods is done considering agronomic
characteristics. However, selecting the data related to
these plants revealing some differences depending on
environmental conditions would take a long time and
be costly. For this reason the present study instead
aimed to distinguish accessions belonging to 2 Poa
species and to determine the degree of relationship
between the 2 species in less time and at a lower cost
by using ISSR markers.
Materials and methods
Plant material, DNA isolation, and primers
Three accessions belonging to species Poa
angustifolia and 11 accessions belonging to P. trivialis
were examined. Accessions of P. angustifolia were
collected from the Taurus Mountains (Eğrigöl and
environs); accessions of P. trivialis were collected
from an old natural pasture, located in the Kalecik
region (the Eskiköy Manastır plateau) in Ankara
province and would probably become extinct, in the
period 2003-2007.
Total DNA was extracted using the protocol of
Doyle and Doyle (15) and used immediately for PCR
or frozen at -20 °C for later use. Twenty ISSR primers
out of 25 in the initial screening process (M1, M5,
M6, M9, M10, M16, UBC808, UBC810, UBC812,
UBC813, UBC825, UBC827, UBC829, UBC836,
UBC841, UBC848, UBC850, UBC852, UBC856,
UMN001) that had a high level of polymorphism,
repeatability, and the best readability (scorability)
were used for polymerase chain reaction (PCR)
amplification.
ISSR analysis
Each 25 μL of the reaction contained 100 ng of
genomic DNA, 10 × PCR reaction buffer, 25 mM
MgCl2, 25 mM dNTP mix, 100 pmol of each primer,
and 1.5 units of Taq DNA polymerase (Fermentas).
PCR was performed in a Mastercycler Gradient
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thermal cycler (Eppendorf). The initial step of 95 °C
for 3 min was followed by 35 cycles of 95 °C for 1
min, 58 °C for 1 min, and 72 °C for 1 min, and a final
cycle at 72 °C for 10 min. ISSR amplification products
were separated by gel electrophoresis in 1.5% agarose
gels and stained with ethidium bromide.
Data analysis
Scoring was performed for each primer based
on absence (1) and presence (0) of bands. Later the
scores of 20 primers were combined. Similarities
were calculated with Bio1D ++ computer program
(Vilber Lourmat Bio1D++ Software) according to
Nei’s genetic similarity (16) and cluster analysis was
performed to develop a dendrogram by unweighted
pair group method with arithmetic mean (UPGMA).
Results and discussion
Genetic diversity and genetic relationship between
14 accessions of the 2 species (P. angustifolia and
P. trivialis) belonging to genus Poa were analyzed.
In ISSR analysis 20 primers were chosen and DNA
fragments were produced in sizes ranging between
~150 and ~4000 bp from genomic DNAs of Poa
accessions by ISSR-PCR. Total number of bands and
polymorphism rates that each tested ISSR primer
produced are shown in Table.
In both species a total of 401 ISSR band patterns
were obtained with 20 primers. While 38 of them are
common bands (9.48% monomorphic), 363 of them
are polymorphic with a rate of 90.52% as they reveal
different band patterns.
In accessions of both species, the highest
polymorphism rate (100%), which can be explained
by positions of repetitions along their genomes,
was obtained from M9 primer between ~4000 and
250 bp with 14 bands all of which are polymorphic,
from UBC813 primer between 800 and 300 bp with
16 bands all of which are polymorphic, and from
UBC856 primers between 950 and 225 bp with 21
bands all of which are polymorphic, and the lowest
rate (61.53%) was obtained from M10 primer with
a total of 13 band patterns between 900 and 375 bp
(Figure 1). The least number of band patterns (9)
formed in UBC852 primer with DNA fragments
between 2000 and 400 bp and the least number of

polymorphic band patterns (8) was observed in M10
and UBC852 primers.
The highest number of bands (37) and the most
polymorphic band patterns (34) generated between
2000 and 225 bp were obtained with UMN001
primer. While UBC841 primer formed the smallest
fragments between 700 and 150 bp, M5 and M9
primers formed the biggest bands with the DNA
fragments generated between 4000 and 200 bp. An
average of 20.05 fragments was amplified per primer.
DNA amplifications could not be done with M4, F1,
F3, M15, and M18 primers, nor could quality image
be achieved.
When species are separately evaluated, it is
found that 20 primers formed 297 bands totally in
3 accessions of P. angustifolia. While 104 bands are
monomorphic (35.02%), 193 bands are polymorphic
(64.98%). The minimum and maximum numbers
of polymorphic bands are shown in Table 1. While
M1 primer (7.69%), due to its least polymorphic
band pattern, has the lowest polymorphism rate,
UBC812 (85%) is the primer that formed the
highest polymorphism (made a good distinction
between accessions of P. angustifolia). Gel samples
that show the lowest and highest polymorphism
bands of P. angustifolia are shown in Figure 2. In
this figure, it is remarkable that, while amplicons are
generally monomorphic in M1 primer, in agarose gel
electrophoresis of UBC812 primer amplification, all
bands except 3 are polymorphic.
In 11 accessions of P. trivialis, a total of 236 bands
were observed with 20 ISSR primers. While 134
out of the 236 bands were monomorphic (56.78%),
102 bands were polymorphic (43.22%) (Table). The
highest polymorphism rate (77.77%) was found in
M5 primer and the lowest polymorphism rate (0%)
was found in UBC827 and UBC852 primers (Figure
3). UBC852 was also the primer that formed the
lowest band number by forming only 1 band in P.
trivialis accessions.
A dendrogram was obtained with the Bio1D++
computer program according to Nei’s genetic
similarity (Figure 4). According to this dendrogram 2
main groups were formed with 28% similarity. While
in the 1st main group there were 3 accessions of
species P. angustifolia, accessions of species P. trivialis
were clustered in the 2nd group. The 3rd accession
417
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ISSR

Total

11

9

20

14

(AC)8-CG

(AC)8-CC/T

(CA) 8-GC

(AG)8-C

M9

M10

M16

UBC808

15

16

19

14

11

21

9

14

(AC) 8-T

(AC) 8-G

(TG) 8-C

(AG) 8-YA

(GA) 8-YC

(CA) 8-ARG

(GT) 8-YC

(TC) 8-RA

(AC) 8-YA

CA- (GT) 8

UBC813

UBC825

UBC827

UBC829

UBC836

UBC841

UBC848

UBC850

UBC852

UBC856

UMN001

Y: T or C; R: A or G

TOTAL

10

(CT) 8-T

UBC812

297

29

12

20

(GA) 8-T

(GA) 8-A

UBC810

16

104

5

3

2

6

5

5

5

4

4

5

4

3

3

8

8

8

2

4

8

GT-(CAC)7

8

M6

DNA fragments

DNA fragments

193

24

11

7

15

6

7

9

15

12

10

6

17

11

12

8

1

9

4

8

1

polymorphic

monomorphic

12

Number of

Number of

16

(GA)9-C

M5

13

fragments

of DNA

number

(AGC)6-G

Sequence

M1

primer no.

Poa angustifolia

64.98%

82.75%

78.57%

77.77%

71.42%

54.54%

58.33%

64.28%

78.94%

75%

66.66%

60%

85%

78.57%

60%

50%

11.11%

81.81%

50%

50%

7.69%

236

23

13

1

14

7

10

9

15

9

16

11

10

10

13

16

12

9

9

18

11

fragments

of DNA

%

Total
number

Polymorphism

134

12

4

1

10

6

9

8

8

9

6

3

7

4

11

6

5

5

8

4

8

DNA fragments

monomorphic

Number of

102

11

9

0

4

1

1

1

7

0

10

8

3

6

2

10

7

4

1

14

3

fragments

43.22%

47.82%

69.23%

0%

28. 57%

14.28%

10%

11.11%

46.66%

0%

62.5%

72.72%

30%

60%

15.38%

62.5%

58.33%

44.44%

11.11%

77.77%

27.27%

%

DNA

401

37

21

9

26

16

16

16

27

18

22

16

24

19

26

21

13

14

15

26

19

38

3

0

1

2

1

3

1

1

3

2

0

2

2

3

4

5

0

1

1

3

fragments

DNA

monomorphic

Number of

363

34

21

8

24

15

13

15

26

15

20

16

22

17

23

17

8

14

14

25

16

fragments

DNA

polymorphic

Number of

90.52%

91.89%

100%

88.88%

92.30%

93.75%

81.25%

93.75%

96.29%

83.33%

90.90%

100%

91.66%

89.47%

88.46%

80.95%

61.53%

100%

93.33%

96.15%

84.21%

%

Polymorphism

Poa angustifolia and Poa trivialis combined

fragments

of DNA

Total
number

Polymorphism

Number of
polymorphic

Poa trivialis

Table. Genetic variation of the genus Poa as revealed with ISSR primers.
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M

Pa1

Pa2

Pa3

Pt1

Pt2

Pt3

Pt4

Pt5

Pt6

Pt7

Pt8

Pt9 Pt10 Pt11

Figure 1. ISSR patterns amplified with primers M10 (the lowest polymorphism rate)
and M9, UBC813, UBC856 (the highest polymorphism rate) for accession
of the 2 species of the genus Poa (P. angustifolia, Pa; P. trivialis, Pt). M:
molecular weight marker (100 bp Ladder and Ladder Plus, Fermentas).

from P. angustifolia accessions in the 1st group was
discovered to be 68.5% genetically far from the other 2
accessions, which are 80% similar to each other. Some
features (recessive) that are repressed in a population
can emerge in a cultivation environment and be very
far from other genotypes. Eleven P. trivialis accessions
in the 2nd main group were shaped in 2 clusters with
83% similarity. While accessions numbered 1, 4, and
5, which are 95% similar to each other, are placed
together with accessions numbered 2 and 3, which
are exactly the same, with a similarity rate 87.5%,
the genotype numbered 6 follows them with the
rate of 84% similarity. There is a high homogeneity
between the accessions forming the other cluster.
While accessions numbered 7-8 and 9-11, which are
genetically similar by 100% are related with a rate of
96%, the accession numbered 10 is only genetically
far from these accessions by 10%. The similarity is so

high that it shows that these sequences are preserved
in intraspecies. Since P. trivialis accessions are the
members of a single population and are in the same
gene pool, genetic diversity was determined to be
low. With this study 8 P. trivialis genotypes were
determined in the population. The main reason
why the genetic relationship between P. angustifolia,
which has rhizome, and P. trivialis, which has stolon,
which also shows morphological difference, is so
low (only 28% similar) can be explained by the fact
that they grow naturally, 350 km far away from each
other, in different ecological conditions where geneflow is not possible.
Determination of genetic variations in Poa species
and accessions by ISSR method is very limited in the
world. Moreover, determination of genetic variations
in P. angustifolia was performed for the first time in
419
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M

M

Pa1

Pt1

Pt2

Pa2

Pt3

Pa3

Pt4

Pt5

Pa1

Pt6

Pa2

Pt7

Pt8

Pa3

Pt9

M

Pt10

Pt11

Figure 2. ISSR patterns amplified with primers M1 (the lowest polymorphism rate) and
UBC812 (the highest polymorphism rate) for accessions of P. angustifolia (Pa).
M: molecular weight marker (100 bp Ladder and Ladder Plus, Fermentas).

the present study. To our knowledge, no such study
has yet been carried out in Turkey.
While GA repeats formed the highest polymorphic
bands between intraspecies accessions, AC repeats
generated the highest polymorphic bands between
interspecies accessions. It was reported that 14 band
patterns, 13 of which were polymorphic, formed by
420

GT repeats (UBC850) were sufficient in distinction
of creeping bluegrass accessions. Moreover, in the
present study for the same primer P. angustifolia
supports the previous study forming 21 bands (71.42%
polymorphism rate), 15 of which were polymorphic,
but it failed to distinguish between accessions of
P. trivialis (14 of which are 4 polymorphic bands;

E. ARSLAN, A. TAMKOÇ

Figure 3. ISSR patterns amplified with primers UBC827, UBC852 (the lowest
polymorphism rate), and M5 (the highest polymorphism rate) for accession
of P. trivialis (Pt). M: molecular weight marker (100 bp Ladder and Ladder
Plus, Fermentas).

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

P. angustifolia 1
P. angustifolia 2
P. angustifolia 3
P. trivialis 1
P. trivialis 4
P. trivialis 5
P. trivialis 2
P. trivialis 3
P. trivialis 6
P. trivialis 7
P. trivialis 8
P. trivialis 9
P. trivialis 11
P. trivialis 10

Figure 4. Dendrogram of genetic similarity among accessions of the 2 species of the genus Poa.

28.57% polymorphism rate). UBC841 primer was
determined to be a species-specific marker for P.
annura. Therefore, it was reported that UBC841 and
UBC848 ISSR primers made interspecies distinction
rather than intraspecies (14). Also in the present
study neither primer made a good distinction for
accessions. These primers exhibited P. trivialis
species-specific bands and made a good interspecies

distinction. In contrast, although UBC848 primer
revealed a very low band (4) between Lolium perenne
(perennial ryegrass) accessions, the polymorphism
rate was discovered to be 75% (17).
While UBC836 and M6 primers between P.
trivialis accessions generally revealed monomorphic
bands (showing species-specific profiles), they
produced quite polymorphic bands between species
421
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and are useful for interspecies distinction. M1 has a
very low polymorphism between both P. angustifolia
and P. trivialis accessions, whereas it is polymorphic
with a rate of 84.21% in interspecies distinction
(Table 1). All the primers used except for M10
made the distinction between 2 Poa species with
polymorphism in rates ranging between 80.95% and
100%.
In the present study UBC827 and UBC852
primers are species-specific primers for P. trivialis
(100%, monomorphic), whereas they are 100%
polymorphic in Lolium perenne (17). With 12
different primers tested except our primers at the
same time, very high polymorphism was observed in
L. perenne. High genetic similarity was determined
between bluegrasses that are suitable for selection
programs in grass growth. (18). In the present study
these primers are 75% and 77.77% polymorphic for P.
angustifolia, respectively.
Among the genotypes of P. annura var. Reptans,
which are close relatives, 77.3% polymorphism was
determined with 8 ISSR primers. Polymorphic band
with a rate of 75% was obtained with 3 (UBC850,
UBC849, and UMN001) of them (19). In the
present study, although the highest DNA fragment
was amplified with UMN001 primer, with the
same primer a low polymorphism (47.82%) was
observed in P. trivialis accessions, and a fairly high
polymorphism with a rate of 82.75% was found for P.
angustifolia accessions, supporting Carson et al. (19).

In recent studies, it has been advocated that
ISSR is more beneficial than RAPD due to its high
specificity and repeatability, than AFLP in terms of
its time saving quality (because in AFLP, the use of
restriction enzymes is needed) as there is no need for
prediction of target sequence as in SSR, and its low
cost, and than AFLP and RAPD as it provides a better
distinction (9,20,21).
The results reveal that ISSR is more advantageous
in showing intra- and interspecies differences rather
than differences depending on morphological
appearance. We think that it can contribute to
the systematic and help people dealing with plant
breeding select the genotypes they want in an easier
and safer way. With the present study, the ISSR
fingerprinting technique used was confirmed to
be a reproducible and sensitive tool for the study
of identification of species Poa accessions. Our
results have demonstrated that selection of distinct
genotypes within a species increases the chance of a
successful breeding program.
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